Introduction
============

Triple-negative breast cancer (TNBC) has distinct pathological features and poor prognosis due to the negative expression of the estrogen receptor (ER), progesterone receptor (PR) and human epidermal growth factor receptor-2 (HER-2) ([@b1-ol-0-0-11608]). Due to its high aggression, the presently available therapies have limited efficacy ([@b2-ol-0-0-11608]). TNBC comprises 15--20% of all newly-diagnosed breast cancer cases; however, TNBC accounts for a disproportionate number of breast cancer-associated mortalities, and is responsible for up to 5% of all cancer mortalities annually ([@b3-ol-0-0-11608]). Notably, the majority of the available studies on TNBC have been conducted in a Western population ([@b4-ol-0-0-11608]--[@b6-ol-0-0-11608]); however, TNBC has been reported to occur more frequently in African women. Therefore, identifying effective therapeutics against TNBC remains an urgent challenge. Although genomic profiling of TNBC has shown promise in aiding clinicians to develop personalized targeted agents against TNBC, this research is still in its infancy, and requires more development, prior to its widespread application in a clinical setting ([@b7-ol-0-0-11608]). At present, surgery, radiotherapy and chemotherapy are the primary treatments for TNBC; however, due to the complexity of the disease, and the rate of recurrence, the curative effects are not satisfactory ([@b8-ol-0-0-11608]).

Propofol has been used in surgery since 1977, and was created by Kay and Rolly ([@b9-ol-0-0-11608]). Due to advantages such as less toxicity, rapid induction of anesthesia and no accumulation *in vivo*, propofol is widely applied in general anesthesia ([@b10-ol-0-0-11608]). Experimental evidence has revealed that, not only does propofol have multiple anesthetic advantages, it also exerts a number of non-anesthesia effects ([@b11-ol-0-0-11608]), and the anti-tumor effect of propofol has been confirmed by numerous researchers ([@b12-ol-0-0-11608],[@b13-ol-0-0-11608]). A previous study demonstrated that propofol actively inhibits proliferation and induces apoptosis in chronic myeloid leukemia KBM-7, KU812 and K562 cells ([@b13-ol-0-0-11608]). In addition, a previous report has revealed that propofol can inhibit the invasion and growth of ovarian cancer ES-2 cells by downregulating the expression of matrix metalloproteinase (MMP)-9 ([@b14-ol-0-0-11608]). Yang *et al* ([@b15-ol-0-0-11608]) suggested that propofol exerts an inhibitory effect on the growth and survival of gastric cancer cells by interfering with the degradation of inhibitor of growth family member 3 (ING3). In pancreatic cancer cells, propofol attenuates cell growth and invasion by inhibiting miR-21 and Slug in a dose- and time-dependent manner ([@b16-ol-0-0-11608]). Furthermore, extensive evidence has indicated that, in chronic breast cancer, propofol may serve as a novel therapeutic, that functions by inhibiting NF-κB and reducing MMP-2 and MMP-9 ([@b17-ol-0-0-11608]). In brief, propofol effectively influences several biological processes in the development of cancer, by regulating microRNAs and long non-coding RNAs and modulating signaling pathways, such as hypoxia inducible factor 1 subunit α, MAPK, NF-κB and NF-E2-related factor 2 pathways, which are essential for cell proliferation, invasion and apoptosis ([@b18-ol-0-0-11608]--[@b20-ol-0-0-11608]).

It has previously been reported that treatment of MDA-MB-231 cells with propofol resulted in increased cell proliferation and migration in a dose- and time-dependent manner ([@b21-ol-0-0-11608]). However, other researchers have hypothesized that propofol-induced cell migration and the suppression of invasion are partially mediated by downregulating H19 imprinted maternally expressed transcript (H19) in MDA-MB-231 cells *in vitro* ([@b22-ol-0-0-11608]). It is surprising that it shows an opposite effect in the same cell line. Therefore, the present study detected the effect of propofol on TNBC cells. The choice of anesthesia protocol has a specific relationship with the recurrence and metastasis of postoperative tumors ([@b23-ol-0-0-11608]); however, this mechanism has yet to be completely elucidated. Consequently, the role of propofol in TNBC cells remains unclear, and the aim of the present study was to investigate and explain how propofol influences TNBC cells.

Materials and methods
=====================

### Reagents

Propofol was purchased from MedChemExpress and was dissolved in dimethyl sulfoxide (DMSO). DMSO was diluted at 1:1,000 in culture medium. N-acetyl-L-cysteine (NAC), which was purchased from Beyotime Institute of Biotechnology, was dissolved in the culture medium at a working concentration of 5 mM.

### Cell lines and culture

The human triple-negative breast cancer MDA-MB-468 cell line was purchased from the Shanghai Cell Collection. MDA-MB-468 cells were cultured in Ham\'s F-12K (Kaighn\'s) Medium (Gibco; Thermo Fisher Scientific, Inc.) with L-glutamine, supplemented with 10% FBS (Gibco; Thermo Fisher Scientific, Inc.) and 100 U ml^−1^ penicillin at 37°C in a 5% CO~2~ humidified atmosphere. Trypsin (0.02%)/EDTA (0.02%) solution was used when the confluence reached \>80%. Aseptic technique was applied in all experiments.

### Cell proliferation assay

The Cell Counting Kit-8 (CCK-8) assay (Dojindo Molecular Technologies, Inc.) was utilized to assess the cell proliferation of MDA-MB-468 cells according to the manufacturer\'s protocol. The MDA-MB-468 cells were seeded in 96-well plates at a density of 2×10^4^ cells/well. Cell confluency was permitted to reach \~80%, and the medium was replaced with fresh medium containing 0.1% DMSO or varying concentrations of propofol (0, 5, 10 and 20 µM) or 20 µM propofol with 5 mM NAC. The cells were then incubated for 24 h, and a total of 10 µl CCK-8 solution was added to the cultures for 2 h at 37°C. The absorbance was measured at wavelength of 450 nm with an automatic enzyme analyzer. All experiments were performed in triplicate. The results are presented as the percentages of live cells over control cells.

### Apoptosis assay

The Annexin V-FITC apoptosis detection kit (BD Biosciences) was used to detect cell apoptosis according to the manufacturer\'s protocol. Briefly, cells were treated with different concentrations of propofol (0, 5, 10 and 20 µM) or 20 µM propofol with 5 mM NAC for 24 h and washed twice with PBS. Subsequently, cells were stained with 5 µl Annexin V and 5 µl propidium iodide (BD Biosciences) for 15 min at room temperature. The cells were analyzed using a flow cytometer (BD Biosciences) and the percentage of apoptotic cells was determined using CellQuest software version 7.5.3 (BD Biosciences).

### Measurement of the generation of reactive oxygen species (ROS)

The ROS assay kit (Beyotime Institute of Biotechnology) was used to detect the intracellular ROS. MDA-MB-468 cells were plated in 6-well plates at a density of 2×10^4^ cells/well and incubated for 24 h at 37°C Following treatment with various concentrations of propofol (0, 5, 10 and 20 µM) or 20 µM propofol with 5 mM NAC for 24 h at 37°C, cells were washed with PBS three times and incubated with 10 µM DCFH-DA in serum-free medium for 25 min at 37°C in the dark. The cells were then washed with PBS three times to remove excess DCFH-DA that was unable to fully penetrate the cells. The cells were subsequently fixed in 4% paraformaldehyde for 30 min at room temperature, and observed under an inverted fluorescence microscope (magnification, ×200).

### Wound healing assay

A wound healing assay was performed to examine the effect of propofol on MDA-MB-468 cell migration. Briefly, MDA-MB-468 cells were seeded in 6-well plates containing medium supplemented with 10% FBS and allowed to form an 80% confluent cell monolayer. A scratch was made using a 200 µl pipette tip and the complete medium was replaced with serum-free medium. The cells were subsequently incubated with various concentrations of propofol (0 or 20 µM) or 20 µM propofol with 5 mM NAC for 24 and 48 h at 37°C. In order to evaluate wound healing, the scratch area was monitored under an inverted Leica phase-contrast microscope (Leica DFC 300 FX; Leica Microsystems, Inc.), calculated using ImageJ software version 1.52a (National Institutes of Health) and analysed using GraphPad Prism software (version 5; GraphPad Software, Inc.). The assay was performed in triplicate.

### Western blot analysis

MDA-MB-468 cells were treated with different concentrations of propofol (0, 5, 10 and 20 µM) for 24 h at 37°C. Subsequently, total protein was extracted from cells using the RIPA kit and protein concentrations were quantified using the BCA protein quantification kit (both from Beyotime Institute of Biotechnology). A total of 30 µg protein/lane was separated via SDS-PAGE on a 10% gel and transferred onto polyvinylidene difluoride membranes. The membranes were blocked with 5% skim milk in TBST for 1 h at room temperature, prior to incubation with primary antibodies against: Caspase 3 (cat. no. sc-5273; 1:1,000; Santa Cruz Biotechnology, Inc.), Caspase 9 (cat. no. sc-56076; 1:1,000; Santa Cruz Biotechnology Inc.), Bax (cat. no. sc-7480; 1:1,000; Santa Cruz Biotechnology Inc.), Bak (cat. no. 12105; 1:1,000; Cell Signaling Technology, Inc.), Bcl-2 (cat. no. 15071; 1:1,000; Cell Signaling Technology, Inc.), cytochrome c (cat. no. 11940; 1:1,000; Cell Signaling Technology, Inc.) Apaf-1 (cat. no. 8969; 1:1,000; Cell Signaling Technology, Inc.) and GAPDH (cat. no. 5174; 1:5,000; Cell Signaling Technology, Inc.) overnight at 4°C. Membrane was washed three times with TBST and subsequently incubated with anti-rabbit (cat. no. sc-2030) or anti-mouse (cat. no. sc-2031) secondary antibodies (both 1:5,000 and from Santa Cruz Biotechnology, Inc.) for 2 h at room temperature. Protein bands were visualized using the enhanced chemiluminescence reagent (BD Biosciences) and analyzed using Image Lab software v3.0 (Bio-Rad Laboratories, Inc.).

### Statistical analysis

The data are presented as mean ± standard deviation. Statistical analyses were performed using SPSS software (v20; IBM Corp.). The Student\'s t-test was used to detect the difference between two groups. The one-way ANOVA followed by Tukey\'s post hoc test was used to compare several groups. P\<0.05 was considered to indicate a statistically significant difference.

Results
=======

### Effect of propofol on MDA-MB-468 cell proliferation and apoptosis

MDA-MB-468 cells were treated with 0.1% DMSO or propofol (5, 10 and 20 µM) or 20 µM propofol with 5 mM NAC for 24 h. As illustrated in [Fig. 1A](#f1-ol-0-0-11608){ref-type="fig"}, propofol significantly decreased cell proliferation in a concentration-dependent manner, and this effect was reversed, following treatment with 5 mM NAC (P\<0.05). Additionally, treatment with 0.1% DMSO did not affect cell viability ([Fig. 1A](#f1-ol-0-0-11608){ref-type="fig"}). Apoptosis was detected MDA-MB-468 cells using an Annexin V-FITC apoptosis detection kit and flow cytometry. The rates of apoptosis following treatment with 5, 10 and 20 µM propofol for 24 h were 5.5±2.1, 9.9±3.4 and 10.9±2.9%, respectively, and were significantly increased compared with control cells (2.6±1.5%; P\<0.05). Furthermore, treatment with 5 mM NAC was revealed to attenuate apoptosis induced by 20 µM propofol ([Fig. 1B and C](#f1-ol-0-0-11608){ref-type="fig"}).

### Effect of propofol on the level of cellular ROS

In order to examine the ROS accumulation induced by propofol, and fluorescence microscopy were used to measure the generation of intracellular ROS. The results demonstrated that propofol significantly induced ROS accumulation in MDA-MB-468 cells in a dose-dependent manner, when compared with the control group treated with PBS (P\<0.05; [Fig. 2](#f2-ol-0-0-11608){ref-type="fig"}). In addition, treatment with 5 mM NAC reduced the amount of ROS induced by 20 µM propofol (P\<0.01). The results demonstrated that the brighter cells appeared under the inverted fluorescence microscope, the more ROS were produced, which was indicative of heavier damage to the cells.

### Effect of propofol on the endogenous apoptotic pathway

As shown in [Fig. 3A](#f3-ol-0-0-11608){ref-type="fig"} the expression of Bax and Bak was increased while that of Bcl-2 was decreased in cells treated with propofol (P\<0.05). Apaf-1 and Cytochrome c were increased in a concentration-dependent manner after propofol treatment ([Fig. 3B](#f3-ol-0-0-11608){ref-type="fig"}; P\<0.05). [Fig. 3B](#f3-ol-0-0-11608){ref-type="fig"} revealed that the expression of cleaved caspase-3 and cleaved caspase-9 in MDA-MB-468 cells was increased in a concentration-dependent manner following treatment with propofol (P\<0.05).

### Effect of propofol on MDA-MB-468 cell migration

In order to examine the effect of propofol on MDA-MB-468 cell migration, a wound healing assay was performed. The experimental results revealed that the scratch distance became narrower and the scratch area became smaller in a dose and time-dependent manner (P\<0.05). However, treatment with 5 mM NAC partially reversed the effect of 20 µM propofol. The analysis was performed relative to the starting wound width at 0 h. The results shown in [Fig. 4](#f4-ol-0-0-11608){ref-type="fig"} suggested that propofol promoted the migration of MDA-MB-468 cells.

Discussion
==========

The treatment of TNBC is challenging due to its aggressiveness, cellular and histological heterogeneity and complexity of its molecular mechanisms ([@b24-ol-0-0-11608]). Recent studies have demonstrated that, not only do certain anesthetics function as sedatives and analgesics, but can also serve a pivotal role in antitumor and immunoregulation ([@b25-ol-0-0-11608]). Among these, propofol has been the focus of an increasing amount of interest, due to its correlative studies. The active component in propofol is 2, 6-diisopropylphenol ([@b26-ol-0-0-11608]). The present study investigated the effect of propofol on the proliferation and apoptosis of MDA-MB-468 cells, and attempted to elucidate the underlying molecular mechanism of action.

The results of the present study revealed that propofol inhibited proliferation and promoted the ROS-mediated endogenous apoptosis pathway in MDA-MB-468 cells. Initially, cell proliferation was inhibited following treatment with propofol; however, this effect was reversed by NAC. In addition, the rate of apoptosis was increased with increasing propofol concentration, and 5 mM NAC attenuated apoptosis induced by 20 µM propofol. The present study examined the expression of important proteins in the endogenous apoptotic pathway. It is well established that there are two general categories of apoptotic pathways, namely endogenous and exogenous. In the endogenous apoptotic pathway, Cytochrome *c* is released into the cytoplasm by enhanced mitochondrial transition pore opening under the effect of drugs. Cytochrome *c* in the cytoplasm combines with Apaf-1, contributing to the formation of a polymer ([@b27-ol-0-0-11608]). There is an upstream and downstream relationship between the initiators of apoptosis (Caspase 2, 8, 9 and 10) and the executors (Caspase 3, 6 and 7), and a previous study demonstrated that the initiators could activate the executors ([@b28-ol-0-0-11608]). Caspase 3 and Caspase 9 are closely associated with apoptosis, and once apoptosis is initiated, the caspase cascade is initiated by apoptotic proteases, which induces irreversible apoptosis. Apoptosis is strictly regulated, and the normal cell caspases are in the non-activated zymogen state ([@b29-ol-0-0-11608]). In the present study, following treatment with propofol, the expression of the pro-apoptotic protein Bax, was increased, and as the concentration of propofol was increased, the apoptotic effect was enhanced accordingly. Notably, the level of Bcl-2 was increased with 5 µM propofol; however, the expression of Bcl-2 was decreased when cells were treated with 10 and 20 µM propofol. It was hypothesized that propofol may partially result in the activation of antiapoptotic systems at a concentration of 5 µM.

ROS generated by cellular metabolism readily oxidize adjacent molecules and participate in various signal transduction pathways in cells ([@b30-ol-0-0-11608]). An excessive amount of ROS can cause oxidative damage to important molecules in the cell. When ROS are excessively produced, or ROS scavenging is reduced, the redox level is unbalanced, resulting in oxidative stress damage to the body ([@b31-ol-0-0-11608]). In the present study, the level of ROS increased with increasing concentrations of propofol, and NAC reduced the level of ROS. ROS may promote the formation of a monolayer on the mitochondrial surface of the antiapoptotic protein Bcl-2, and activates the proapoptotic protein Bax, which results in the formation of pores in the mitochondrial membranes, resulting in the leakage of Cytochrome *c*. Cytochrome *c* binds to Apaf-1 to form apoptotic bodies, which then bind to and activate Caspase-9, leading to cell death ([@b32-ol-0-0-11608]). Apoptosis and cell proliferation are essential cellular processes, and are also the basic measurements used to evaluate cell dynamics and cell numbers *in vivo* ([@b33-ol-0-0-11608],[@b34-ol-0-0-11608]). The present study investigated the effect of propofol on the migration MDA-MB-468 and revealed that propofol increased migration. It has been confirmed that ROS from various sources serve an important role in the malignant proliferation and migration of tumor cells; however, its mechanism of action has not been completely elucidated ([@b35-ol-0-0-11608],[@b36-ol-0-0-11608]). ROS may activate ataxia telangiectasia mutated directly or indirectly, thereby activating IL-8 and promoting tumor cell migration ([@b37-ol-0-0-11608]).

To the best of our knowledge, the present study was the first to report that propofol may promote the activation of the endogenous apoptotic pathway by inducing the production of ROS, leading to decreased MDA-MB-468 cell proliferation and increased migration. The results suggested that propofol may be a promising therapeutic choice for patients with TNBC following surgery. Future studies should explore whether there are other signaling pathways and molecules involved in the effects of propofol on apoptosis and migration in TNBC cells, and whether it has an antitumor effect in the body. Once this information is obtained and verified, propofol may be considered for use as an anticancer agent in the clinical setting.
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![Propofol inhibits cell proliferation and induces apoptosis in human triple negative breast cancer cells. (A) A Cell Counting Kit-8 assay was conducted to detect cell proliferation after exposure to propofol for 24 h. Propofol inhibited the proliferation of MDA-MB-468 cells in a dose-dependent manner. (B) Apoptosis in cells treated with propofol was tested using an Annexin V-FITC and PI staining assay and flow cytometry. The rate of apoptosis in cells treated with propofol (5, 10, 20 and 20 µM + NAC) for 24 h was 5.5, 9.5, 10.1 and 5.1%, respectively. (C) The percentage of apoptotic cells in each treatment group was quantified. Values are reported as the mean ± SD (n=3). \*P\<0.05 and \*\*P\<0.01 vs. the control group. PI, propidium iodide; NAC, N-acetyl-L-cysteine.](ol-20-01-0810-g00){#f1-ol-0-0-11608}

![ROS generation in MDA-MB-468 cells is increased following propofol exposure. (A) Intracellular ROS production in MDA-MB-468 cells was measured using a DCF-DA assay. MDA-MB-468 cells were treated with PBS (control) or propofol (5, 10, 20 and 20 µM + NAC) for 24 h. Cellular ROS production was observed using an inverted fluorescence microscope. (B) Quantification of ROS production following propofol treatment. Data are presented as the mean ± SD (n=3). \*P\<0.05 and \*\*P\<0.01 vs. the control group. Compared with the 20 µM group, the 20 µM + NAC group showed a significant difference (^\#\#^P\<0.01). ROS, reactive oxygen species; NAC, N-acetyl-L-cysteine.](ol-20-01-0810-g01){#f2-ol-0-0-11608}

![MDA-MB-468 cells were treated with PBS (control) or propofol for 24 h. The expression levels of (A) Bak, Bax, Bcl-2, Cytochrome C, Apaf-1 and (B) Cleaved caspase- 3/9 and Caspase- 3/9 were measured by western blotting. In MDA-MB-468 cells treated with 5, 10 and 20 µM propofol for 24 h, the protein expression of the apoptotic proteins Bax, Bak, Apaf-1 and Cytochrome C was upregulated compared with the control group treated with PBS for the same time. Similarly, propofol increased the expression of cleaved caspase- 3/9 in MDA-MB-468 cells in a dose-dependent manner. Propofol-induced Bcl-2 upregulation; however, expression was decreased at high concentrations. The ratio of Bax to Bcl-2 suggested that propofol has exhibits a proapoptotic effect. Figures showed that the GAPDH was used as an internal control. Data are presented as the mean ± standard deviation (n=3). Apaf-1, apoptotic peptidase-activating factor 1.](ol-20-01-0810-g02){#f3-ol-0-0-11608}

![MDA-MB-468 cells were seeded in 6-well plates and allowed to reach a confluent monolayer. The cells were incubated with various concentrations of propofol for 0, 24 or 48 h. Cells were also incubated with 20 µM propofol + NAC for 48 h. (A) Wound healing assay and (B) analysis performed relative to the starting wound width at 0 h. Data are represented as the mean ± SD (n=3). ^\#^P\<0.05 (0 vs. 20 µM propofol for 48 h) \*\*P\<0.01 (20 µM propofol vs. 20 µM propofol + NAC for 48 h). NAC, N-acetyl-L-cysteine.](ol-20-01-0810-g03){#f4-ol-0-0-11608}
